We present an analysis of production and signature of neutral Higgs bosons on the version of the 3-3-1 model containing heavy leptons at the Large Hadron Collider (LHC). The production rate is found to be significant and the signal is clear, showing that these scalars can be detected in this accelerator. We also studied the possibility to identify them using their respective branching ratios. Cross section are given for two collider energies, √ s = 8 TeV and 14 TeV. Event rates and significances are discussed for two possible values of integrated luminosity, 10 fb −1 and 300 fb −1 .
I. INTRODUCTION
The way to the understanding of the symmetry breaking mainly go through the scalars, although there are many other models that not contain elementary scalar fields, such as Nambu-Jona-Lasinio mechanism, technicolour theories, the strongly interacting gauge systems [1] . These scalars protect the renormalizability of the theory by moderating the cross section growth. But so far, despite many experimental and theoretical efforts in order to understanding the scalar sector, the Higgs mechanism remains still unintelligible.
Nowadays, the major goal of the experimentalists in particle physics at the Large Hadron Collider (LHC), is to unravel the nature of electroweak symmetry breaking. The Standard Model (SM) is the prototype of a gauge theory with spontaneous symmetry breaking. This had great success in explaining the most of the experimental data. However, recent results from neutrino osclillation experiments makes clear that the SM is not complete, then the neutrino oscillation implies that at least two neutrino flavors are massive. Moreover, there are others crucial problems in particle physics that not get response in SM. For instance, it offers not solution to the dark matter problem, dark energy and the asymmetry of matterantimatter in the Universe. Therefore, there is a consensus among the particle physicists that the SM must be extended.
In the SM appear only one elementary scalar, which arises through the breaking of electroweak symmetry and this is the Higgs boson. The Higgs Boson is an important prediction of several quantum field theories and is so crucial to our understanding of the Universe. The Higgs boson is the one missing piece, is a critical ingredient to complete our understanding of the SM. Different types of Higgs bosons, if they exist, may lead us into new realms of physics beyond the SM. So, the observation of any kind of Higgs particle must be an important step forward in the understanding of physics in the electroweak sector or beyond the SM. Supersymmetry [2] provides a solution to hierarchy problem through the cancellation of the quadratic divergences via fermionic and bosonic loops contributions [3] . Moreover, the Minimal Supersymmetric extension of the SM (MSSM) can be derived as an effective theory of supersymmetric Grand Unified Theories [4] .
Among these extensions of the SM there are also other class of models based on SU(3) C ⊗SU(3) L ⊗U(1) N gauge symmetry (3-3-1 model) [5] [6] [7] , where the anomaly cancellation mechanisms occur when the three basic fermion families are considered and not family by family as in the SM. This mechanism is peculiar because it requires that the number of families is an integer multiple of the number of colors. This feature combined together with the asymptotic freedom, which is a property of quantum chromodynamics (QCD), requires that the number of colors is less than five, and therefore as a consequence of this, the number of family of fermions must be exactly equal to three. Moreover, according to these models, the Weinberg angle is restricted to the value s 2 W = sin 2 θ W < 1/4 in the version of heavyleptons [5] , but when evolves to higher values, it shows that the model loses its perturbative character when it reaches to mass scale of about 4 TeV [8] . Then, the 3-3-1 model is one of the most interesting extensions of the SM and is phenomenologically well motivated to be probed at the LHC and other accelerators.
In this work we study the production and signatures of two neutral Higgs bosons, predicted by the 3-3-1 model, which incorporates the charged heavy leptons [5, 9] . One of these neutral Higgs is the standard one. We can show that the neutral Higgs boson signatures can be significant at LHC. Clear signal of these new particles can be obtained by studying the different decay modes. With respect to both mechanisms, that is the Drell-Yan and gluon-gluon fusion, we consider the Z, Z ′ , H 0 1 and H 0 2 as propagators. Therefore in Sec. II we present the relevant features of the model. In Sec. III we compute the total cross sections of the process and in Sec. IV we summarize our results and conclusions.
II. RELEVANT FEATURES OF THE MODEL
We are working here with the version of the 3-3-1 model that contains heavy leptons [5] . The model is based on the semi simple symmetry group SU(3) C ⊗SU(2) L ⊗U(1) N . The electric charge operator is given by
where T 3 and T 8 are the generators of SU(3) and e is the elementary electric charge. So, we can build three triplets of quarks of SU(3) L such that
where the new quark J 1 carries 5/3 units of electric charge while J α (α = 2, 3) carry −4/3 each. We must also introduce the right-handed fermionic fields U R ∼ (1, 2/3),
The spontaneous symmetry breaking is accomplished via three SU(3) scalar triplets, which are,
For sake of simplicity, we will assume here that the model respects the B+L symmetry, where B is the baryon number and L is the lepton number. Then, the more general renormalizable Higgs potential is given by
1 is one that can be identified with the SM Higgs, since its mass and eigenstate do not depend on v χ . Now, we can write the Yukawa interactions for the ordinary quarks, i.e.
where G ab and G ′ ab (a and b are generation indexes) are coupling constants. The interaction eigenstates (2) and their right-handed counterparts can rotate about their respective physical eigenstates as
Since the cross sections involving the sum over the flavors and rotation matrices are unitary, then the mixing parameters have no major effect on the calculations. In terms of physical fields the Yukawa Lagrangian for the neutral Higgs can be written as
where In the gauge sector, beyond the standard particles γ, Z, and W ± the model predicts: one neutral (Z ′ ), two single-charged (V ± ), and two doubly-charged (U ±± ) gauge bosons. The gauge interactions with Higgs bosons are given by
where the covariant derivatives are
where ϕ = η, ρ, χ (N η = 0, N ρ = 1, N χ = −1) are the Higgs triplets, W µ and B µ are the SU (2) and U(1) field tensors, g and g ′ are the U(1) and SU(2) coupling constants, respectively.
Diagonalization of the Lagrangean (11), after symmetry breaking, gives masses for the neutral weak gauge bosons, i.e.,
where s W = sin θ W , with θ W being the Weinberg angle, and c
In Eqs. (13) and (14) we have used the approximation (5). Finally the weak neutral current in the sector of u and d quarks reads
whose coefficients are
In this work we study the production of a neutral Higgs bosons at pp colliders. With respect to both mechanisms, that is the Drell-Yan and gluon-gluon fusion, we consider the Z, Z ′ , 
where the A i is the matrix element of each particle.
In the cross section for H 0 i production, where i = 1, 2, the interference term between the Z(Z ′ ) and H 0 i should be absent because it gives an imaginary value, and in the cross section for H 
here g is the coupling constant of the weak interaction, the β H 0 i (i = 1, 2) is the Higgs velocity in the c.m. of the subprocess which is equal to
and we have also defined
being the Higgs boson total width, the primes ( ′ ) are for the case when we take a Z ′ boson, Γ Z and Γ Z ′ [11, 12] , are the total width of the Z and Z ′ boson, g q V,A are the standard quark coupling constants, m q , were q = u, d are the masses of the quark, g q V ′ ,A ′ are the 3-3-1 quark coupling constants, √ŝ is the center of mass energy of thesystem, g = √ 4 π α/ sin θ W and α is the fine structure constant, which we take equal to α = 1/128.
For the Z ′ boson we take M Z ′ = (0.5 − 3) TeV, since M Z ′ is proportional to the VEV v χ [6, 7] . For the standard model parameters we assume PDG values, i. e., M Z = 91.19 GeV, 
where θ is the angle between the Higgs and the incident quark in the CM frame.
The total cross section for the process pp →→ ZH i is related to the subprocess→ ZH i total cross sectionσ, through
where
is the quark structure function.
Another form to produce a neutral Higgs is via the gluon-gluon fusion, namely through the reaction of the type pp → gg → ZH i . Since the final state is neutral, the s channel we make separately in order to do explicit the different contributions:
It is important to emphasis that for production of H 
where in Eq. (25) 
with, r ± = 1 ± (1 − 4δ i ) 1/2 and δ i = m 2 i /ŝ. Here, i = q stands for the particle (quark ) running in the loop.
We have also defined ∆, Ω and Π which are equal to:
The total cross section for the process pp → gg → ZH i is related to the subprocess gg → ZH i total cross sectionσ through
where G (x, Q 2 ) is the gluon structure function and τ min is given above.
IV. RESULTS AND CONCLUSIONS
In the SM at the Tevatron, Higgs-boson production in association with W or Z bosons, [14] , while Higgsstrahlung is only marginal at the LHC.
We consider Higgs masses spanning in the range 115 GeV ≤ m H 0 1 ≤ 800 GeV. Our talk will be subdivided into two distinct classes, if m H 0 1 is less than 145 GeV or greater than 466 GeV, then ATLAS excludes Higgs boson masses above 145 GeV till 466 GeV, [15, 16] .
The best chance of discovering a SM Higgs at the LHC appears to be given by the following processes:
• gg → H 0 1 → γγ, where the highest rates for this channel occur in the region 80-150 GeV and the combination of a rising branching ratio and a falling cross section [17] , yields rates which are constant over the above range.
•′ → W H 0 1 → ℓν ℓ γγ, these channels are different with respect to the case of the direct gg → H 0 1 → γγ production and decay. On the one hand owing to a larger number of reducible (W γj with the pions in the jet giving hard photons and Zγ with a ℓ ± from the Z decay faking a photon) and irreducible (W γγ) backgrounds. On the other hand owing to the isolated hard lepton from the W decays that allows for a strong reduction of the backgrounds [18] . Must be here noticed that unlike the signals from leptonic decay modes, those from hadronic decay channels undergo mostly QCD background processes.
• H → bb;
In the case of the high mass region, when the Higgs decay H 0 1 → ZZ can occur, the only significant background, after appling the invariant mass cut m ℓ + ℓ − ≃ m Z on both the lepton-antilepton pair, is the continuum ZZ production [17] . The Higgs signal would appear as a resonance, which has a maximum at m 4ℓ = 2m Z .
• H 0 1 → ZZ → ℓlνν, this channel should also be considered as it is enhanced relative to the gold-plated decay mode by a factor of six [19] , owing to its BR which is six times larger. where enough of the jets escape detection to leave large missing p T and the production of tt, but to suppress this background the additional cut |m Z − m ℓ + ℓ − ≤ | 6 GeV must be applied.
In this work we have calculated contributions regarding to the Drell-Yan and gluon-gluon fusion in 3-3-1 model. We present the cross section for the process pp → ZH i involving the Drell-Yan mechanism and the gluon-gluon fusion, to produce such Higgs bosons for the LHC. In all calculations was taken for the parameters, the VEV and masses the following representative values, [9, 20] : λ 1 = −0.20, λ 2 = 1.02, λ 3 = −λ 6 = −1, λ 4 = 2.98 λ 5 = −1.57,
GeV, λ 9 = −0.9(−0.76), for v χ = 1000(1500) GeV, these parameters are used to estimate the values for the particles masses which are given in Table I , it is to notice that the value of λ 9 was chosen this way in order to guarantee the approximation −f ≃ v χ [9, 20] . [21, 22] . We interpret this to be due to the production of a previously unobserved particle with a mass of around 125 GeV. At the end of 2012, CMS and ATLAS updated all the Higgs decay channels for 13 fb −1 and 8 TeV, except that CMS choose not to publish the diphoton result because it was smaller than expected. The hope is that they will get full results at 20 fb −1 and 8 TeV and they will enable to elucidate further the nature of this newly observed particle. In addition to the cross-sections we can hope for an update to the tests of spin parity on the Higgs boson. This will be the final step to declare that the Higgs-Very-Like-Boson is indeed the standard Higgs-Boson. Even so, until we can not measure a signal of a Higgs in a completely convincing way, we have a right to make the phenomenology analysis on the intermediate mass Higgs.
So in Fig. 3 and 4 , we show the cross section pp → ZH Next, we multiply the production cross sections by the respective branching ratios to obtain event rates for various channels. Considering that the signal for ZH 2(2)).
Taking the largest standard model background, like pp → W + W − Z and using CompHep [23] we have that this yields a cross section of 3.8×10 −2 (9.8×10 −2 ) pb at LO for √ s = 8(14) TeV respectively. Taking into account the ℓ + ℓ − e + e − X backgrounds we have a total of ≃ 0 (12) events, so we will have a total of ≃ 554 events per year for the signal for m = 650(800) GeV and v χ = 1000 GeV, and that the particles H ±± decay into e ± E ± , whose branching ratios for these particles would be BR(H ±± → e ± E ± ) = 44.0(31.1) % [25] , these branching ratios are in good agreement with the upper cinematic limit of Higgs mass [20] , which in this case are m H ±± = 325(400)
GeV, then we would have approximately ≃ 50(8)(4.1 × 10 3 (700)) events per year for DrellYan. Must be taken into account that E is the new heavy lepton and we assume that (P = E, M, T ) [9, 26] . In respect to gluon-gluon fusion we will have ≃ 0(0)(5. The main background to this signature is the ZZZ production which gives a cross section at LO, using COMPHEP [23] , of 3.8 × 10 −3 (9.6 × 10 −3 ) pb, for √ s = 8(14) TeV respectively.
We consider the irreducible background, that is ZZZ → bbℓ
events, therefore to observe these signals with the Z which decay into bb channel, first we must select the bb channel out of the huge QCD backgrounds of quark and gluon jets by using the b-tagging capabilities of vertex detectors, later we apply the Z window cut |m ℓ + ℓ − − m Z | > 10 GeV, which removes events where the leptons come from Z decay [24] . Therefore the Higgs signal would appear as a resonance, which has a maximum at m 4ℓ = 2m H ±∓ .
Taking another channel of decay such as H In Fig. 7 and 8 , we show the cross section pp → ZH 0 2 , these processes will also be studied in two cases, for the vacuum expectation value v χ = 1000 GeV and for v χ = 1500. Considering the expected integrated luminosity for the LHC collider given above, then the analysis for v χ = 1000 gives a total of ≃ 1.7 × 10 3 (7.5 × 10 2 )(2. To obtain event rates we multiply the production cross sections by the respective branching ratios. Considering that the signal for H produced per year and in respect to gluon-gluon fusion the number of events per year will be ≃ 0(0)(0(0)). Taking again the irreducible background ttZ → bbe + e − ℓ + ℓ − X, and using
CompHep we have that a cross section at LO is ≃ 1 pb for √ s = 14 TeV, which gives ≃ 117 events. We consider only the events for the signal for v χ = 1000, which gives ≃ 8(2), for v χ = 1500, the number of events is insignificant.
Then we have that the statistical significance is ≃ 0.7(0.3)σ for m 
